ABSTRACT
and the pedestrians in the surrounding street canyons. For a safe structural design of any particular structure, it is necessary to consider wind effects. Although one cannot see the wind, it is a common observation that its flow is quite complex and turbulent in nature and has a tendency to exert differential velocity and pressure field around any obstacle likely to obstruct its flow path.
The generalized estimation of wind loading is carried out by defining pressure coefficients. Pressure coefficients are nondimensional parameter which is used to assess magnitude. Pressure coefficients are influenced by various parameters like, shape, structural geometry, incident wind profile, terrain roughness, turbulence in the wind, location of a particular structure etc. [1] .
CFD (Computational Fluid Dynamics) simulation methods are employed as the main methods for studying the outdoor wind environment today. The precision of simulation results is influenced by many factors, such as algorithms, boundary conditions and turbulence models. Due to the time and cost issues involved in wind tunnel testing, CFD is now widely employed for the prediction of flow fields. The first CFD techniques were introduced in the early 1950s, made possible by the advent of the digital computer [Chung, 2002] . CFD is a computer-based mathematical modeling tool capable of dealing with fluid flow problems and predicting physical fluid flows and heat transfer [2] .
In Mandalay City, there are increasing numbers of high constructions and complex forms which can involve problems of significant wind discomfort around buildings. Designers and engineers should pay more attention in creating more comfortable and functional buildings and their surroundings. Pedestrian-level wind (micro)-conditions is one of the first microclimatic issues to be considered in modern city planning and building design. The construction of a new building alters the microclimate in its vicinity; hence wind comfort and safety for pedestrians become important requirements in urban planning and design. Today, some city authorities request studies of pedestrian wind comfort and safety for new buildings and new urban developments.
METHODOLOGY
When performing a simulation, the user typically chooses target variables, the approximate form of the governing equations, the turbulence model, and the level of detail in the geometrical representation of the buildings, the size of the computational domain, the type and resolution of the computational grid, the boundary conditions, the discretization schemes, and the iterative convergence criteria.
Governing equations
Wind engineers study more about the lower part of the atmosphere though entire earth atmosphere extends few kilometers above the earth surface. This lower part of the atmosphere is called as atmospheric boundary layer (ABL), which is directly under influence of earth surface itself such as shape, friction, thermal with time scales of less than a day and turbulent motion length scales of the order of boundary layer depth [3] . This boundary layer depth can be varying from several hundred meters to more than a kilometer aloft. Thus, most of manmade structures are well within the atmospheric boundary layer, governing flow equations can apply in this layer easily. Most of governing equations in fluid dynamics can be applied to the atmospheric flows.
The main governing equations, about conservation of mass and momentum equations, are as follow.
Where, u i , u j are velocity components, ρ is air density, P is air pressure, μ is dynamic viscosity, and t is time. In this equation, Coriolis force and buoyance force are not considered as their effect is negligible in smaller length and time scale, which is valid for micro-scale CFD simulations.
Two-equation models have been the most popular models for a wide range of engineering analysis and research. These models provide independent transport equations for both the turbulence length scale, or some equivalent parameter, and the turbulent kinetic energy. In this study, models have been selected for numerical simulation for wind load prediction using three different turbulence models which are standard k-ɛ model, RNG k-ɛ model and Realizable k-ɛ model.
Computational domain
The size of computational domain in vertical, lateral and flow direction depends on the region that shall be represented by the simulation [4] .Domain should be large enough to avoid reflecting of fluid streams, which may cause abnormal pressure field around the model. The blockage ratio should be below 3% as suggested by Baetke and Werner is also a consideration for select size of the computational domain. For the single building model, lateral and top boundaries should be set 5H or more away from the building, where H is the high of the target building. The outflow boundary should be set at least 10H behind the building.
Where the building surroundings are included, the height of the computational domain should be set to correspond to the boundary layer height determined by the terrain category of the surroundings [5] . The lateral size of the computational domain should extend about 5H from the outer edges of the target building.
However, recommendations of Franke [4] about laterals boundaries are 2 to 3 times B (where B is the width of built area) and outflow boundaries are 15H (where H is the height of the target building) is a conservative approach. It should be noted that there is a possibility of unrealistic results, if the computational region is expanded without proper representation of surrounding of the building. However, it is also true that unnecessary large fluid domain may demand higher computational cost.
Meshing
Meshing is another important stage of a CFD simulation, which corresponds to accurate simulation of the atmosphere boundary layer as well as fluid motion near the ground. Therefore, some of the meshing parameters such as first node height, number of nodes within boundary layer should be kept within certain limits in order to perform successful simulations [6] . In this study, this structured mesh has over 1230000 hexahedral cells with MultiZone Meshing Method. Structured mesh is more effective in cubic type models and gives undistorted flow conditions easily. The maximum cell size for all three domains was 0.05m and minimum cell size was 0.001m.
Boundary Condition
Boundary conditions represent the influence of surroundings that have been cut off by the computational domain. The boundary conditions for inlet, outlet and outer walls should be provided [7] . The inlet boundary conditions of the domain are defined by the vertical profile. The inlet wind vertical profile is represented in the power law profile form
where, U(z) is the velocity at height z above the ground, U ref the basic wind speed at reference height, Z ref the reference height above the ground, generally 10 m, and α is constant exponent power law, varying for different terrains.
Numerical Setup
CFD code Fluent v17 is used to solve the 3D Reynolds-Average Navier-Stokes (RANS) equations and continuity equation, using the finite volume method. Standard k-ε model, RNG k-ɛ model and Realizable k-ɛ model with standard wall functions are used for turbulence modelling. SIMPLE algorithm is used for pressure-velocity coupling. As pressure based solver is used, secondorder upwind discretization schemes are used for the convection terms and the viscous terms of the governing equations, i.e.
conservation of mass and momentum equations.
VALIDATION ON CFD SIMULATION
In this simulation, the aspect ratio of rectangular prism is lateral, vertical and flow directions respectively. These dimensions respected a 1.96% blockage ratio (ratio of the front area of the building over the inlet area).
In this study, meshing has over 1260000 nodes and over 1220000 elements by using MultiZone Meshing Method. The maximum cell size was 0.05m and minimum cell size was 0.001m. The inflow wind velocity profile are computed by power law equation and imposed by UDF (C+ program). The vertical profile for inlet boundary condition is show in Figure 2 and the summary of the data required for computation through ANSYS FLUENT is shown in Table 1 . 
Comparison of pressure coefficients
The present study a single high-rise building is considered and evaluated for three different turbulence models by using CFD 
WIND FLOW AROUND CLUSTER OF EXISTING BUILDINGS
In this study, the existing cluster of high-rise structures located in Mandalay depicted in Figure 4 , consisting of L-shape building, In Mandalay city, the most frequency percentage of wind direction is south wind direction and the second most frequency percentage is south-east direction. Therefore, the simulation has been carried out from south direction (0º) to south-east direction Figure 6 . In these simulations, this mesh has over 2930000 nodes and over 285000 elements by using MultiZone Meshing
Method. The maximum cell size for all three domains was 0.02m and minimum cell size was 0.0001m. Figure 7 and the summary of the data are similar with the previous CFD simulation.
Stream line pattern of velocity with different attack angles
To examine the airflow process, Figure 8 demonstrates the effect of wind direction on the stream line pattern of the velocity around the structures. It can be clearly seen that at incident wind angle 0º, the flow comes to rest to form the front stagnation point at the center of the windward face of the L-shape building. From this point, the flow deviates into four main streams. Above this point, the first In 30º wind direction, it can be clearly seen that the low speed areas more reduce than above the wind incidence 0˚ and 15˚
Contour map of velocity magnitude with different attack angles
angles as shown in Figure 11 and the low wind velocities with about 6.861 m/s are formed behind the Condo B building. In Figure   11 
Comparisons of Pressure Coefficients on the Various Faces of the L-Shape Building for Various Wind Angles
The windward faces are subjected to positive pressure coefficients because of the undeviating wind force. Because of frictional flow separation and generation of vortices, the leeward faces are exposed to suction pressure. 
Comparison of maximum wind pressure coefficients
The comparison of maximum wind pressure coefficients on the various faces of the L shape building for wind angles 0˚, 15˚, 30˚
and 45˚ are listed in Table 2 . Positive pressure coefficients occur at the windward faces due to direct wind dissipation and suction pressure form at the leeward faces because of frictional flow separation and vortex generation. For all wind angles, Face A is positive pressure coefficient because of windward face of the building. The highest value of pressure coefficient is about 0.804 for a 15˚ wind angle. Face B is suction pressure in wind angles of 0˚and 15˚. For the wind incidence angles of 30˚ and 45˚, Face B becomes windward face and is subjected to positive pressure. Face C, Face D, Face E and Face F are exposed to suction pressure and Face E suffers the lowest suction pressure for all consider wind angles.
CONCLUSIONS
This paper discusses the comparison of different turbulence models in simulating wind environment around building complexes.
Information of wind pressure and air flow pattern can be provided to the designers at the early stage of design. CFD simulation is a more cost-effective and time-saving design tool for wind engineering studies. This simulation has been carried out to study the effect of wind direction on velocity distribution around the structures wind directions. Numerical simulations have been performed at 0º, 15º, 30º, and 45º wind angles using Realizable K-ε turbulence models with standard wall function. For the wind directions 0˚, 15˚ and 30˚, the layout of existing cluster of buildings is good enough for building planners to take critical decision such as exterior layout of building, building spacing by wind flow pattern. In this layout of existing cluster of building, Condo A has located along the wind pathway entering from the interval between the L-shape building and Tower building especially at the wind incidence angle 45˚. So, Condo A is not good for pleasant ambience. The windward faces are subjected to positive pressure coefficients because of the undeviating wind force. Because of frictional flow separation and generation of vortices, the leeward faces are exposed to suction. Flow separation characteristics and vortices are quite apparent from the streamlines. When a new building is planned, the design should consider the wind environment created by the surrounding buildings.
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